Introduction
D u rin g the last decade several au th o rs have con trib u ted to progress in the d eterm in atio n of nuclear q u ad ru p ole m om ents by accurate calculations of elec tric field gradients (efg's) in sm all m olecules [1] . O th ers, like o u r group, have m ade im proved calculations on larger m olecules w here a com prom ise in the size of the basis set and the level of electron co rrelatio n has to be m ade [2 -5 ] . As a logical extension we are h ea d ing to w ards the condensed phase, and the first results of couplings in liquid w ater [6 -8] and neon [9] can be discussed.
Studies of D [2] ,7Li [3] , 14N [4] and 170 [5] els. In the second case, how ever, electron co rrelatio n should be included in the calculations. We will p o in t o u t a m odel for D couplings [2] an d a tran sfo rm atio n p roblem [10] , know ledge of w hich m ight be of som e interest to the experim entalist. In a second p art, a new ap p ro a ch to calculate D [6, 7] an d 170 [8] couplings o f liquid w ater will be discussed. In this, configurations of b ulk w ater are p rod u ced in a m olecular dynam ics sim ulation. C lus ters of a few w ater m olecules are taken ran d o m ly from these configurations an d used in super-m olecule ab initio calculations to o b tain the coupling of a nucleus in this cluster. The average of m any such cluster calcu lations approaches the value of the coupling in the liquid. T em perature an d pressure dependence were studied changing the conditions in the sim ulation. The results for deuterium are in excellent agreem ent w ith the m ost recent experim ents, w hereas for 170 the cal culated is roughly 10% larger th a n the experim ental values. A different, b u t also purely theoretical ap p ro ach applied previously by E ngström et al. [11] to aqueous solutions of alkali chlorides, was used to o b ta in the q u ad ru p o le coupling an d spin-lattice relax atio n tim e of n eon in liquid an d supercritical states. A co m p ari son w ith experim ental results in the liquid show s q u al itative agreem ent, b ut a com parison at higher tem p er atu res w ould be m ore interesting, as o u r classical sim ulations do n o t m odel q u an tu m effects a t low tem peratures. H ow ever, experim ental d a ta in the super critical region are lacking.
Basis Sets of High Local Quality
W hereas efg's of sm all m olecules can be calculated with very large basis sets including correlation, which leads, together w ith the experim ental nuclear q u a d ru pole coupling constants (Q C C 's) to som e of the m ost accurate nuclear qu ad ru p o le m om ents [1] , the costs for m edium and large molecules are prohibitive. Fig   ure 1 show s the calculated deuterium quadrupole c o u pling co n stan t of D F on the SCF-level as a function of the basis set size. O n this level the goal is to reach the H artree-F o ck lim it of 344 kH z [12] .
O n the left, tw o points show the results w ith the m ost often applied double zeta (DZ) and douple zeta plus p o larization (D Z + P) basis sets. Evidently, the results are far from acceptable. Two series of calcula tions to the right, one w ith a fixed D Z basis set and the second w ith an extended basis set on the F, show how large the basis set has to becom e until the results ap p ro a ch the H artree-F o ck limit. W hen electron co r relation is included the basis should be still larger. H ow ever, such large basis sets are n o t feasible even for m edium sized molecules. T herefore we introduced w hat we call "the concept of basis sets w ith high local q u ality".
W hereas norm ally one uses equal basis sets on equal atom s, we take a huge basis on the atom of interest, e.g. the deuterium , a large basis on the neigh b o u r atom and only a double-zeta basis set on all atom s further away. F igure 2 show s for benzoic acid as an exam ple a com parison betw een a D Z basis and the basis set we usually apply to calculate D Q C C 's.
T he num ber of basis functions on each atom is show n as well as the total num ber for the example molecule. O u r concept leads to quite large basis sets for sm all m olecules but to a relatively small increase for larger molecules. We assum e th a t the locally co r rect description of the electron distribution is m ost im p o rta n t for a correct description of the electric field gradient.
A question im m ediately arising is, w hether such an "u n balanced" basis will introduce som e unreal charge transfer and, hence, produce new artefacts rath er th an im proved results. T he answ er can be given along three lines. Firstly, com parisons for m any com pounds and for different nuclei betw een calculated values obtained in this way and experim ental couplings give an "em pirical p ro o f" th a t the appro ach w orks (see below). Secondly, a sim ilar ap p ro a ch is taken all the time if the nuclei are not identical, i.e. for exam ple in D F there is DQCC size of basis set A lthough, we have reasons to assum e th a t this co n cept should be good for d euterium an d still lead to an im provem ent for o th e r nuclei, the final test is the co m pariso n w ith experim ent. Such com parisons are given in the next p aragraph.
Nuclear Quadrupole Couplings in the Gasphase
T he calculated coupling constants, o b ta in ed w ith basis sets of high local quality of m ost experim entally know n D Q C C 's are p lo tted in Fig. 3 versus the exper im ental values [2] .
H ere, as well as in the calculations including elec tro n co rrelation for o th e r nuclei we used the nuclear q u ad ru p o le m om ent as a fit p ara m ete r to calibrate for defects in the calculation (lim ited basis set, lim ited inclusion of electron correlation, no v ib ratio n al co r rection). O nly experim ental values were used for the calibration, w here the coupling as well as the stru ctu re (used in the calculation) w ere accurately know n. W ith a few exceptions there is a good agreem ent w hich confirm s the usefulness of this concept. T he w orst case was D N C O (triangle m ost to the right), w hich we h ad already calculated in 1985 on the S C F level to be far off the experim ental value [13] . Because of the above discrepancy the coupling of D N C O has been rem ea sured in the m eantim e by H eineking et al. [14] , W hereas the predicted coupling co n stan ts were 286.3 kH z on the SCF-level an d 277.0 k H z including correlation, the old experim ental value w as 345 + 2 kH z and the new value is 285 + 6 kH z, in good agreem ent w ith the calculations. This exam ple show s th a t calculations, alth o u g h they do n o t give such accu rate values as experim ent, can help in cases w here the experim entalist has problem s in the in te rp re tatio n of the spectrum . H ow ever, it m ust be ad m itted th a t such cases are not very com m on. A m ore frequent p roblem w here calculations can help are erro rs due to assum ptions m ade for the transform ation. W hereas the experim en talist often ob tain s only the diag o n al elem ents of the coupling ten so r in the principal axes of the m om ent of inertia, the q u an tu m chem ist ob tain s the full q u a d ru pole coupling tensor and, therefore, has the possibility to transform the coupling ten so r to any co o rd in ate system. F igure 4 show s the three co o rd in ate systems of in terest in this context for D N O a as an exam ple.
T he experim entalist o b tain s his d a ta in the princi pal axes system of the m om ent of inertia. F o r co m p ar ison he w ould usually like to transform to the second one, the principal axes system of the D Q C C , or to the th ird one, w here one axis is along the bond. A problem arises if he does n o t know the off-diagonal co m p o nents of the coupling tensor. T hen it is often assum ed th a t the angle a between the second an d the th ird system, w hich is only a few degrees, m ay be set to zero. W ith this assum ption a tran sfo rm atio n w ith o u t offdiagonal com ponents is possible. It has always been assum ed th a t the erro r in tro d u ced in this way w ould be small. D epending on the tran sfo rm atio n angle (p, bond axes this m ight n o t be true at all. F o r p la n ar m olecules a linear erro r p ro p ag a tio n yields for the erro r of the coupling co n stan t Vax in the principal axes system of the coupling tensor [10] . A lthough a is in this case only 1.07°, the assum ption th a t it is zero yields an erro r of 16 kH z or 6% . Even a rough estim ate of a w ould be better th a n this as sum ption. A still better way is to transform w ithout the assum ption and to use instead calculated off-diag onal elements.
U p to now tw o exam ples were given how calcula tions m ay help to find or reduce errors in the evalu a tio n of experim ental data. A nother, and perhaps an 
(r/p m )3 ' w here Z v is the num ber of valence electrons an d <r> the expectation value of the orbital radius (given in T able 1) of the neighbouring atom , respectively. A is th e sum of the differences of P auling's electronegativ ities betw een the second neighbours and the neigh b o u r ato m and r is the bond-length betw een the d eu terium ato m and its neighbour. T he o rbital radii for hyb rid s are taken as arithm etic means. T he three n u m b ers inside the brackets are fit param eters. F o r details see [2, 13] .
To give an example, we apply (2) T he sta n d ard deviation is 7 kH z o r ab o u t 4% . It is generally valid for D Q C C 's and, hence, can be used for a fast confirm ation of a spectral interpretation. To find a sim ilar m odel for the asym m etry p aram eter // is difficult, if n o t impossible. C alculations on a w ater m o n o m er disturbed by a sm all po in t charge show th a t one can predict the direction in w hich rj changes by calculating the field gradient due to the p o in t charge only, b u t the size depends m uch on the deform ation of the electron cloud (Sternheim er shielding), w hich can h ard ly be accounted for by a sim ple model. U p to now we have m ainly discussed D Q C C 's. H ow ever, the concept of basis sets w ith high local q u ality also im proves calculations for other nuclei. F igures 7 an d 8 show the calculated versus experi m en tal Q C C 's for 14N and 170 , respectively. W hereas D Q C C 's are obtained reasonably accurate already on the SCF-level of theory, for these nuclei electron co r relatio n should be included.
F ig u re 9 show s qualitatively the electric field grad i en t due to an electron in an s-orbital, and one co m po n en t d ue to an electron in a p-orbital. W ith the help of this figure one can discuss the m ain differences in th e m echanism s leading to the quadru p o le couplings.
T he electron in an s-orbital leads to a zero efg in a free deuterium atom . But, as can be seen from Fig. 9 a, alread y sm all disturbances, e.g. a polarization m oving the electron cloud away from the nucleus, leads to large field gradients. It is n o t so m uch a question w hether the rest of the m olecule w ithdraw s electrons from the deuterium or vice versa, as this does n o t change the zero field gradient of a spherical charge
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DQCC's a for a discussion see [13] .
d istrib u tio n , b u t it is the p o larizatio n w hich is m ainly due to the next n eig h b o u r an d its distance w hich de form s the electron cloud an d draw s it aw ay from the nucleus, an d hence leads to the field gradient. This explains w hy it is possible to m ake m odels w hich pre dict the size of the co upling distance m ainly on the basis of the bond-length. It m ight also be an ex p lana tio n w hy D Q C C 's are calculated reasonably accu rately already on an SCF-level. T he stru ctu re and hence th e im p o rta n t b o nd-length is usually taken from experim ent an d the S C F calculations give charge d istrib u tio n s accurately enough. H ow ever, enough basis functions are necessary on the deuterium atom as they have to m odel accurately the deform ation of the electron cloud. T he situ atio n is q u ite different for ato m s w ith p a r tially occupied p -orbitals. In this case there is a large efg alread y w ith o u t any effects from the surrounding. E lectric effects w hich m ight be due to groups quite far aw ay from the nucleus of interest change the charge in the p -o rb ital an d have, therefore, a very direct influ ence on the size of the coupling. The structure and hence b o nd-length have only a m inor influence. Elec tro n co rrelatio n is of im portance to describe accu rately the electron distribution, which is the prim ary effect. To find a sim ple m odel for the efg w ould also m ean to find one to describe the electron distribution in a m olecule accurately, which is n o t very likely. Table 2 gives a schem atic overview over the situ a tion. N an d O stan d for any nuclei with partially filled p-orbitals. Li is included as it is a boun d ary case. D ue to the long bo n d s form ed by lithium , the p olarization effect is m uch sm aller th an in deuterium . O th er elec tro n ic effects are of sim ilar size, and an accurate calcu lation of these sm all effects (being differences of g rad i ents due to the positive nuclei and negative electrons) is quite difficult.
Nuclear Quadrupole Couplings in the Liquid

a) DQCC o f Liquid D 20
To calculate N Q C C 's in the liquid phase one has to go beyond the quantum chemical calculation on a sin gle molecule. M onte C arlo or m olecular dynam ics sim ulations can be used to study the q u an titativ e be h av io u r of liquids. As o u r studies will som etim es in clude dynam ical properties, we used m olecular dy nam ics sim ulations.
A single w ater m olecule as approxim ately observed in th e gas phase shows a D Q C C of 308 kH z, w hich is low ered in ice to a value between 200 and 220 kH z depen d ing on the m odification. This low ering is evi den tly due to the surrounding, m ainly to the closest neighbours and their hydrogen bonds. T herefore the follow ing approach should be successful.
In a m olecular dynam ics sim ulation of liquid w ater, sn ap -sh o ts are taken from time to time. A deuterium is ran d om ly chosen from each snap-shot and its nearest neighbours are evaluated, yielding clusters of w ater molecules w ith the chosen deuterium s in the center. Each cluster is used as a super-m olecule in a q u a n tu m chemical calculation of the efg in the sam e w ay as in the gas phase. E ach cluster corresponds to a typical surrounding of a w ater m olecule in liquid w ater, and the average of m any such calculations sh o u ld then yield the liquid w ater value. F igure 10 co m p ares calculated w ith experim ental results at dif ferent tem peratures. D etails of the calculations were published previously [6, 7] .
T he calculated values for a distinct tem perature were o btained as average from 82 ab initio calcula tio n s of clusters consisting of five w ater molecules, w hich were taken from sim ulations w ith 125 m olecules applying an ab initio po ten tial for w ater from Lie and Clem enti [21] , which is abbreviated in th e follow ing by LC. T he statistical sta n d a rd devia tio n for the coupling co n stan t is ab o u t 5 kH z. T he two experim ental and the calculated series of couplings agree w ithin the erro r limits, but the sta n d ard devia tio n s are in all cases to o large to show a significant tem p eratu re dependence. Before going into a m ore th o ro u g h discussion we will show now th a t a m odel for th e coupling along the bond will im prove the q ual itative understanding as well as the q u an titativ e re sults. F igure 11 shows tw o of the above m entioned 82 clusters, the left being the one w ith the sm allest and the right the one w ith the largest coupling. The m odel yields a gas phase value (not used in fitting) of 315 kH z com pared to the ab initio value of 316 kH z. It also shows the right physical b ehaviour if the bond-lengths are increasing tow ards infinity. In co n tra st to sim ilar m odels in the literatu re (see e.g. [20] ), this m odel is fitted on non-equilibrium configu rations.
A qualitative understanding of the m echanism lead ing to the coupling con stan t in the liquid is now o b tained by applying the m odel to the 82 configurations from the sim ulation once w ith the hydrogen bridge bond-length set to infinity (i.e. only the left term in (3) is applied) yielding an "intram olecular" coupling of 280 kH z, and once w ith the O D -b o n d -len g th set to infinity (i.e. only the right term in (3) is applied) yield ing an "interm olecular" co n trib u tio n of -24 kHz. T his m eans th a t 40% of the decrease is directly due to the influence of the hydrogen bridge, w hereas 60% is due to the increase in the O D -bond-length (which in tu rn is again caused by the hydrogen bridge). H ow this m odel will im prove the q u an titativ e results will now be discussed w ith the help of Table 3 .
T his table gives the calculated coupling constan ts from Fig. 10 . in the second colum n. T he th ird colum n show s the corresponding couplings obtain ed w ith (3), applying it to the tw o deuterium s of each of 125 m olecules in the 82 snap-shots. T he huge num ber of 20 500 values (2 • 125 • 82) yields a very sm all statisti cal error, which allow s it to m ake a definite statem en t ab o u t the tem perature dependence. T here is a small b u t significant positive tem p eratu re dependence, which is a new finding. A sim ilar b ehaviour w as found for the pressure dependence [7] . A further and m ore surprising finding is given in the last colum n of Table 3 . The asym m etry param eter rj, w hich is 0.145 in the corresponding calculation for a single m olecule in the gas phase (experim ental values of 0.135 and 0.138 have been published), and experim entally betw een 0.1 and 0.134 for different ice m odifications, is outside the ice-gas range and significantly larger th an the gas value. H itherto neither an experim ental n o r a calcu lated value was available, and for sim plicity it was usually assigned a value between the ice and the gas value. C alculations on the m onom er w ith bondlengths and an angle equal to the average values in liquid w ater show th a t ab o u t half of the increase can As this ap p ro ach was applied for the first time, it h ad to be tested thoroughly. A run w ith 216 instead of 125 m olecules show ed no significant difference. This was expected as the efg is a local pro p erty which should n o t be influenced m uch by long range effects. The cluster size was increased up to nine molecules, w hich again did n o t yield different results. N either did different criteria for the determ ination of nearest neighbours. The m ost im portant effect to study was the influence of different potentials. In addition to the LC ab initio potential, tw o em pirical potentials were used for tests. O ne was the D P p otential by D ang and P e ttitt [22] and the second the BJH p o ten tial by Bopp, Jancso and H einzinger [23] . A lthough all three p o ten tials reproduce the O D -bond-length in the gas phase correctly, which is of im portance as the coupling con sta n t is strongly d ependent on this bond-length, these p o ten tials give quite different results for different p ro p erties as is show n for the pair distribution func tio n of the interm olecular O • • • D length in Figure 12 .
T he coupling co n stan ts and asym m etry param eters o b tain ed w ith these potentials at tw o different tem per atu res are given in Table 4 .
T he th ird colum n, giving the averages of the q u a n tu m chem ically calculated coupling constants, does n o t allow safe conclusions to be m ade, whereas the fo u rth colum n, w ith the values obtain ed with the m odel an d the large sample, shows th a t the different p o ten tials yield the sam e coupling con stan ts for equal tem peratures b u t significantly different values for dif ferent tem peratures. In addition it is confirmed th at the surprisingly large asym m etry p aram eter is n ot an artefact of the potential.
Finally, one can give a best estim ate for the calcu lated coupling co n stan t at 300 K m aking corrections for know n system atic errors. The average of 261 kH z from Table 4 is probably about 3% too large, as we know th at the gas phase coupling calculated on the same level of approxim ation is 3% larger than the experimental value. The corrected value for the liquid is then 254 kH z in excellent agreement with the newest experimental values of Leyte and coworkers [24, 25] H indm an and coworkers [26] of 258.6 kHz. We cannot give an accurate error for our coupling constant but would estimate it to be of the same size as the above experimental errors, i.e. the agreement is that close by chance. The importance of the result is that it is ob tained in a fully independent way from experiment.
b) 17OQCC o f Liquid H 2170
The same approach as for the D Q CC was applied to the 17O Q CC in liquid water [8] . As the mechanism leading to the efg at 170 is quite different than for deuterium, all the different tests like dependence on cluster size, on the potential etc. had to be repeated. We were not able to build a simple model for im prov ing the statistics as was done for deuterium. The main results are given in Table 5 .
A com parison between the first and second row shows that there is no significant difference for the two potentials. The same is true for the cluster sizes 5 and 9 as well as for the different temperatures. The asym metry param eter rj is close to the gas value but again outside the range given by the gas (calc. 0.8; exp. 0.75) and the ice (exp.: 0.865-0.97) value.
A best estimate for the coupling constant can be obtained as an average of the values given in the table, assuming that there is hardly any tem perature depen dence. This leads to a coupling constant of 8.9 M Hz with an error probably not larger than about 0.3 MHz. This has to be com pared with the experi mental values of H indm an and coworkers [27] 
c) Spin-Lattice Relaxation Time o f 21Ne in the Liquid and Supercritical State
About three decades ago Henry and Norberg [28] showed that for liquid 21Ne the quadrupolar relax ation mechanism is dom inant. Due to its spherical symmetry there is no electric field gradient at the nu- cleus of a free neon atom, but in the liquid or super critical phase the dynamics of the neighbour atoms induces a fluctuating electric field gradient. Together with the nuclear quadrupole moment of 21Ne this leads to a fluctuating nuclear quadrupole coupling and hence to spin-lattice relaxation. U nder extreme narrowing conditions the spin-lattice relaxation time Tx is obtained from equation [29] Relaxation Time (s) where / = | is the spin of 21Ne, Q is the nuclear quadrupole moment of 21Ne and r eff, an effective cor relation time is given by Teff=f <V(0) v(t)>KV(0) V(0)>dr, (5) with <K(0) V (t)) being the time correlation function of the field gradient in a laboratory coordinate system. The greater the coupling and the longer the effective correlation time, the shorter is the relaxation time. The necessary data can be obtained from molecular dynamics simulations as follows.
At each step of a molecular dynamics simulation the quadrupole coupling V is calculated and used to obtain its corresponding time correlation function <K (0)K (0>. This yields the average square value needed in (4) and the effective correlation time. How ever, had this to be achieved by quantum chemical calculations of clusters from snapshots as in the above case of water this would lead to excessive use of com puter time. Therefore we use an approxim ation ap plied previously by Engström and coworkers [11, 29, 30] in the calculation of aqueous solutions of alkali chlorides. Similarly to the pair approxim ation for the potential energy, a pair approxim ation for the electric field gradient is used. The field gradient curve as a function of the dimer bond-length is obtained from a fit to points calculated with ab initio calcula tions including correlation: g/a.u. = -26.19 exp ( -0.03156 r/pm) (6) -4 .0 8 3 exp (-0.00008186 (r/pm)2) .
To convert the electric field gradient in atomic units to a quadrupole coupling constant in M Hz a con version factor of 23.86 M Hz/a.u. is applied, which is based on a quadrupole m om ent for 21Ne of 10.155 • 10~30 m 2 [31] . The field gradient for a nucleus is then calculated at each time step of the simulation 92. in the two-particle approximation, evaluating (6) for all its neighbours, transforming to a laboratory coor dinate system and summing up. Details of the calcula tions are reported in [9] . Figure 13 shows the spin-lattice relaxation times calculated for a grid of three densities and three tem peratures. The arrows show the strong dependence on density and the surprisingly small dependence on tem perature. They can be rationalized with the help of the quadrupole coupling and effective correlation time obtained independently in the simulations. Figures 14  and 15 show the same grid for these two properties.
The quadrupole coupling is strongly dependent on the density as well as on the temperature. The former can be explained with the smaller distances between the atoms hence inducing larger field gradients. The temperature dependence is due to the higher or lower energy collisions leading to shorter or longer collision distances and hence to different induced field gradi ents. The corresponding diagram for the effective corre lation times in Fig. 15 shows the same dependence on density as the coupling, but an opposite tem perature dependence. At higher densities it is more difficult for the neighbours to get away, hence leading to a longer correlation time. At higher tem perature all move ments are faster and therefore the correlation time decreases.
Correlation Time (fs)
Combining the two opposite tem perature depen dences of the coupling and the correlation time leads to the surprisingly small tem perature dependence of the relaxation time. Table 6 makes a comparison between a state point in the liquid and in the supercritical region. They were selected to have similar density, and one might assume that they can be described by the same mechanical picture and having a similar structure, in one case at high, and in the other at low tem perature and pres sure. Figure 16 shows the pair distribution functions for two similar state points in the liquid and supercritical phase, which indeed are about equal except for a ra dial shift. Whereas the curve for the liquid state point has its first maximum just about at the minimum of the potential well (« 3 1 0 pm), the curve for the point in the supercritical region has its first maximum shifted by about 40 pm to a shorter distance where the potential curve shows a steep wall. W hereas the liquid shell structure is due to the small kinetic energy which does not allow the atoms to move out of the potential well easily, the supercritical shell structure is due to the high pressure which forces the atom s to fill the space and hence to form a shell around the atom. This immediately has its consequences for the relaxation time, as the smaller shell radius in the supercritical state leads to a much larger value for the coupling (intensified by the high energy collisions at the higher temperature), whereas the higher tem perature short ens the correlation time as is shown by the numbers in Table 6 .
Finally, we might ask how good these relaxation rates, which were obtained in a purely theoretical way, agree with experimental values. Unfortunately, no ex perimental data exist in the supercritical region, where a comparison would be more interesting, as quantum effects which are not included in the classical molecu lar dynamics scheme applied here are absent. The only comparison that can be made is with the data of Henry and Norberg [28] who, however, do not give the exact pressures in their experiments. Depending on the comparison (extrapolation to low pressures, applying quantum corrections) the deviation of the calculated from the experimental relaxation times is up to 20%.
d) Different Approaches fo r the Calculation o f NQCC in the Liquid Phase
In principle the calculation of N Q C C 's in the con densed phase is straightforward. In a molecular dy namics simulation one has to calculate the efg quan tum chemically in each step and to use it for the evaluation of the corresponding time correlation func tion. However, this at the moment is hardly feasible. The most natural scheme to perform such calculations in the near future might be to integrate it in a first principle molecular dynamics simulation [32] .
At the moment several compromises are possible. If the time dependence is not needed, the approach with quantum chemical calculations for clusters taken from snap-shots of the simulation, as applied for the first time in the water couplings, are probably the best way. If the time dependence is needed as for the calculation of relaxation times, the approach with the two-particle field gradient curve, as first applied by Engström and coworkers and used here to neon, might be feasible. However, one has to be aware that for molecules one has to calculate a multidimensional efg surface, which means a high expense in com puter time, if not ob tained simultaneously with the potential surface. A cheaper but more approxim ate way has been used by Schnitker and Geiger [33] for xenon in water. They approxim ated the charge distribution of the water molecules with a few point charges and used these in the simulation to calculate the efg at the xenon nu cleus due to these point charges. These are the only three approaches described in the literature as far as we are aware.
Conclusions
Experiments in the gas phase are still more accurate for medium or large size molecules than calculations. However, it was shown that the latter can be helpful to find errors in the interpretation of spectra and in the transformation from experimental to other coordi nate systems. In the liquid phase, where experimental data are less accurate and assum ptions have to made for the data-evaluation, calculations could become an accurate independent source of information, as is shown here for the D-and the 170 -nuclear coupling constant in liquid water. However, the real value of calculations in both cases lies in the additional in sights they can give into the mechanisms. For example the temperature independence of the relaxation time in liquid 21Ne is shown to be the result of opposite temperature dependences for the quadrupole coupling and the effective correlation time.
Future work is planned to investigate com putation ally the surprising behaviour of the deuterium cou pling of water in a w ater-D M SO mixture found by Gordalla and Zeidler [34] and the tem perature be haviour of the deuterium coupling as well in the above mixture [35] as in liquid m ethanol [36] .
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